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PURPOSE: To provide the multilayered magnetic films 
which have a magnetic domain structure stable in the 
magnetic pole shape of a magnetic head and having the 
soft magnetic characteristics better than the soft 
magnetic characteristics of a single layer film and to 
provide a laminated structure applicable even to 
magnetic films of about 2000 angstrom thickness in 
conditions for forming optimum multiple layers. 
CONSTITUTION: The multilayered films have the 
structure alternately laminated with the soft magnetic 
films 2 of >200 angstrom and <1000 angstrom thickness 
having uniaxial magnetic anisotropy and nonmagnetic 
films 3 of >50 angstrom and <200 angstrom thickness on 
a substrate 1. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the magnetic multilayer suitable for the magnetic pole 

of the magnetic head for magnetic recording etc. 

[0002] 

[Description of the Prior Art] In recent years, high recording density-ization of magnetic recording 
media, such as flexible magnetic disk units including the rigid magnetic disk unit for computers and a 
magnetic tape unit, is advanced. Development of the high sensitivity magnetic head is mentioned as one 
of the key technology of the. Depending for the sensitivity of the magnetic head in the magnetic-domain 
structure of a magnetic pole magnetic film strongly not to mention the property of head material, the 
instability becomes the output change in record reproducing characteristics, and the cause of a noise. 
These are known as Uigur or a Barkhausen noise. Moreover, since the rate for which the reflux magnetic 
domain in a magnetic pole nose of cam accounts with the formation 'of a ** truck increases, the relative 
permeability of the whole magnetic pole magnetic film decreases, and head efficiency becomes bad. It is 
an unescapable technical problem in development of the high sensitivity magnetic head to observe to 
suppress these phenomena, i.e., the magnetic-domain structure of the detailed field of a head magnetic 
pole magnetic film, and to develop the control technique of the structure further. 

[0003] Examination which controls magnetic-domain structure is widely performed by both sides of an 
experiment and the theory by inserting a non-magnetic layer in a magnetic film, and multilayering as 
one method, (for example, IEEE transactions ON MAGUNE tex, IEEE transactions on magnetics, 24 
volumes, 2045 pages, 1988). However, since many of these examination was performed about the 
magnetic film of several micron ** used for the thin film head etc., it had the technical problem that it 
may be inapplicable as it is to the magnetic film in which the optimal multilayering condition has the 
thickness of about 2000A which corresponds to the main pole film of the single magnetic pole type head 
for vertical magnetic recordings. 

[0004] The purpose of this invention is to offer a laminated structure applicable also to the magnetic 
film in which the optimal multilayering conditions have the thickness which is about 2000A while 
offering the magnetism nature multilayer which has the soft magnetic characteristics which have the 
magnetic-domain structure stabilized in the magnetic-head magnetic pole configuration, and were 
superior to the monolayer. 
[0005] 

[Means for Solving the Problem] The magnetic multilayer of this invention has the structure where the 
laminating of the 1st layer and 2nd layer was carried out by turns on the substrate, the 1st layer of the 
above is a soft-magnetism film with which thickness has 200A or more a uniaxial magnetic anisotropy 
1 000A or less, and the 2nd layer of the above is characterized by thickness being 50A or more a 
nonmagnetic membrane 200A or less. 

[0006] Drawing 1 is partial cross-section structural drawing showing an example of the magnetic 
multilayer of this invention, and the non-magnetic layer whose 3 is the 2nd layer about the soft- 
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magnetism layer whose 2 is the 1st layer about a substrate as for 1 is shown. A vacuum evaporation 
system with at least two sets of evaporation sources or a sputtering system with at least two or more sets 
of targets is used for production of a magnetic multilayer. The above-mentioned laminated structure can 
be formed on a substrate by opening and closing the shutter of each evaporation source by turns, or 
passing each evaporation-source top for a substrate by turns. 
[0007] 

[Function] In the magnetic multilayer of this invention, what is depended on magnetostatic combination 
produced at the edge of the magnetic layer of the upper and lower sides whose non-magnetic layer is 
pinched, and the thing to depend on the switched connection which works between the magnetic layers 
of the direct upper and lower sides on both sides of a non-magnetic layer exist in the interaction 
committed between magnetic layers. It is thought that the laminated structure of this invention serves as 
optimum conditions for the former operation working stably, and disappearance of a reflux magnetic 
domain and an improvement of soft magnetic characteristics can be aimed at by the operation. 
[0008] 

[Example] Hereafter, the example of this invention is explained. 

[0009] - By the electron beam vacuum deposition method using the evaporation source of one to two 
examples, the NiFe/V multilayer which carried out the laminating of the V layers to the NiFe layer 
continuously by turns was produced. Substrate temperature was made into 100 degrees C at the substrate 
using the glass substrate. Membrane formation speed was carried out in 1-2 A/second, changed the 
opening-and-closing time of the shutter of each evaporation source, and controlled the thickness of each 
class. The degree of vacuum under vacuum evaporationo was lxlO-9Torr. Moreover, the direct-current 
magnetic field of 200Oe(s) was impressed in the substrate side during membrane formation, and 
induction of the uniaxial magnetic anisotropy was carried out into the film. The various multilayers 
which changed the NiFe thickness, i.e., the NiFe number of layers, and V thickness per layer were 
produced having set NiFe layer total thickness as constant 2000A, and each soft magnetic characteristics 
and magnetic-domain structure were investigated. 

[0010] Drawing 2 is the result of investigating the relative permeability (1 0MHz) of the direction of hard 
axis when changing the NiFe thickness per layer, having used V thickness as 100A, and change of 
coercive force. By 200A or more 1000A or less, sufficient high relative permeability of 2000 more than 
required as a magnetic-head material and the low coercive force of 1 or less Oe are obtained for the 
NiFe thickness per layer. 

[001 1] Drawing 3 is the result of investigating the relative permeability (1 0MHz) of the direction of hard 
axis when changing V thickness, having used NiFe thickness per layer as 500A (NiFe number of layers 
4), and change of coercive force. By 50A or more 200A or less, sufficient high relative permeability of 
2000 more than required as a magnetic-head material and the low coercive force of 1 or less Oe are 
obtained for V thickness. 

[0012] Drawing 4 is the ** type view of the result which observed the magnetic-domain structure with 
the above-mentioned laminated structure of a NiFe/V multilayer under the Kerr effect microscope. The 
reflux magnetic domain in the pattern edge seen by the monolayer has disappeared. 
[0013] - By the electron beam vacuum deposition method using the evaporation source of two to three 
examples, the /(Fe/NiFe) V multilayer which carried out the laminating of the V layers to the Fe/NiFe 
layer (laminating period : 100A, Fe thickness =NiFe thickness = 50A) continuously by turns was 
produced. Substrate temperature was made into 100 degrees C at the substrate using the glass substrate. 
Membrane formation speed was carried out in 1-2 A/second, changed the opening-and-closing time of 
the shutter of each evaporation source, and controlled the thickness of each class. The degree of vacuum 
under vacuum evaporationo was lxl0-9Torr. Moreover, the direct-current magnetic field of 200Oe(s) 
was impressed in the substrate side during membrane formation, and induction of the uniaxial magnetic 
anisotropy was carried out into the film. As a result of seting Fe/NiFe layer total thickness constant 
2000A, producing the various multilayers which changed the Fe/NiFe thickness, i.e., the Fe/NiFe 
number of layers, and V thickness per layer and investigating each soft magnetic characteristics and 
magnetic-domain structure, in the laminated structure given in a claim, disappearance of a reflux 
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magnetic domain and the improvement of soft magnetic characteristics were able to be aimed at. 

[0014] , 
[Effect of the Invention] As explained above, according to this invention, the magnetic multilayer which 
has the soft magnetic characteristics which have the magnetic-domain structure stabilized in the 
magnetic-head magnetic pole configuration, and were superior to the monolayer can be offered. By 
offering a laminated structure applicable also to the magnetic film in which the optimal multilayering 
conditions have the thickness which is about 2000A, it is applicable also to a magnetic film with 
thickness of about 2000A which corresponds to the main pole film of the single magnetic pole type head 
for vertical magnetic recordings. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is partial cross-section structural drawing showing an example of the magnetic multilayer 
of this invention. 

[Drawing 21 It is drawing showing change of the relative permeability mu (10MHz) in the direction of 
hard axis when changing, having used thickness as 100A, the NiFe thickness, i.e., the NiFe number of 
layers, per layer, and coercive force He. 

[Drawing 31 It is drawing showing change of the relative permeability mu (10MHz) in the direction of 
hard axis when changing V thickness, having used NiFe thickness per layer as 500A (NiFe number of 
layers 4), and coercive force He. 

[Drawing 41 It is the ** type view showing the result which observed the magnetic-domain structure of a 
NiFe/V multilayer under the Kerr effect microscope. 
[Description of Notations] 

1 Substrate 

2 Soft-Magnetism Layer 

3 Non-magnetic Layer 
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CLAIMS 

[Claim(s)] , 

[Claim 1] It is the magnetic multilayer to which it has the structure where the laminating of the 1st layer 

and 2nd layer was carried out by turns on the substrate, the 1st layer of the above is a soft-magnetism 

film with which thickness has 200A or more a uniaxial magnetic anisotropy 1000A or less, and the 2nd 

layer of the above is characterized by thickness being 50A or more a nonmagnetic membrane 200A or 

less. 

[Claim 2] The magnetic multilayer according to claim 1 using the soft-magnetism film which has the 
periodic structure by the repeat of two or more ferromagnetics in the 1st layer of the above, and has a 
uniaxial magnetic anisotropy in it. 



[Translation done.] 
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DRAWINGS 



Drawing 1] 
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